Fermenting Glucose & Xylose

Collaborators. Ramon Gonzalez, Tao Han
K.T. Shanmugam, Sean York,
and Lonnielngram

Resear ch support provided by the
U. S. Department of Agriculture
and the U.S. Department of Energy

Green Chemical Processes and Renewable Feedstocks

Microbial Platform . . . . i
Medical Vitamins  Amino Acids

& other
Chemicals
(Wen, Bryce)

lucose .
Ethanol LacticAcid 1,3 Propanediol

30 Million tons of Starch, 2 billon gallons of Ethanal

Glucose Lignocellulosic Residues
Xylose Glucose (45%) cellulose
T Xylose (25%) hemicellulose
ignin
Clean gBoiIer Fud | < | Lignin+ (30%) thermoplastic




Sugar Cane Residues — Bagasse

near Lake Okeechobee, Florida

ETHANOL

AVAYAVAVAVAVAN
Acid Hydrolysis

Recombinant
cellulase

Fungal

E.coli KO11
cellulase

(cellulase)

Residue to

Boiler Lignocellulose to Ethanol




HEXOSES + PENTOSES

l Microbial Platform l
Embden-Meyer hof-Parnas Entner-Doudoroff  Pentose Phosphate

sueanate «m T PEP 4o

L actate Dehydrogenase

ruvate Decar boxylase
7.2mM (IdhA) Pyruvate Py y

Formate-L yase 0.4mM (pdc)
Lactate 2mM (ef)

Acetaldehyde +

Acetyl-CoA +  Formate
Alcohol Dehydrogenase

A N (anB)

Acetate H,

KO1land LYOL1 (E. coli B)

Strain KO11
100 g/L xylose, pH 6.0, 100 rpm, 35°C

Xylose (g/L)

-#-Biomass (g/L)

(7/6) ssewoig

——Ethanol (g/L)

Xylose and Ethanol (g/L)




TRANSCRIPTOME ANALYSIS
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Threshold for Detection and Reproducibility
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Log of Expression Approximates Normal Distribution
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Net ATP

Flux (sugar)
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Growth-Rate Related Changes

Growth Rate  Flux (pyruvate)
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Serine Biosynthesis
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"De-repressed"” During Growth on Xylose
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Repression of Mlc-regulated Genes
during growth on Xylose
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Fluxes During Glucose and Xylose M etabolism in E. coli
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Expression Ratiosfor Individual Genes During
Glucose and Xylose M etabolism in E. cali
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Conclusions

Reproducibility of Expression Data can exceed that of enzyme assays.

Expression Data can be a valuabletool to investigate glycolytic flux.

Cellular regulatory circuits generally do what is expected.

Embden-M eyer hof-Par nas genes ar e coor dinately regulated. — CsrA?
EMP gene expression directly related to glycolytic flux.

Xylose genes ar e coordinately regulated by Crp/cAMP + XyIR.

Glucose uptake and mannose PT S are coor dinately regulated - Mlc.

Pentose Phosphate genes essentially constant and unresponsive.

Flux limitation ?? — Xyl genes, Pentose Phosphate, EMP -- ?

Hypotheses can be made for each.
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Growth-Rate Related Changes
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Expression Ratiosfor Individual Genes During
Glucose and Xylose M etabolism in E. coli
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